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84 CHEMISTRY OF Al l MINIUM, GALLIUM, INTMTJM AND THALLIUM 

2. 2. J Bayer process for alumina production^'^ 

The Bayer process was developed and patented by Kar! Josef Bayer in 
Austria in 1888 and essentially involves digesting crushed bauxite iti strong 
sodium hydroxide solutions at temperatures up to 240*C. Most of the 
alumina is dissolved leaving an insoluble residue known as 'red mud' which 
mainly comprises iron oxides and silica and is removed by filtration. The 
particular concentration of sodium hydroxide as well as the temperature and 
pressure of the operation are optimised according to the nature of the 
bauxite ore, notably the respective proportions of (he different forms of 
aJumiiia (a, ^ or y). This first sta^ of the Bayer process can be express^] by 
the equation 

AljOj • jrHjO + 2NaOH 2NaA10j + (;r + ! )H20 (2. 1) 

Subsequently, in the second stage, conditions are adjusted so that the 
reaction is reveraed. This is referred to as the decomposition stage: 

2NaAi02 + 2H2O 2NaOH + AljOj - SH^O (2.2) 

The reaction is achieved by cooling the liquor and seeding with crystals of 
the trihydraie, AljOj • SHjO, to promote precipitation of this compound as 
fine particles rather than in a gelatinous form. Decomposition is commonly 
carried out at iffowid 50*^ in slowty stirred ve^ls and may require up 10 
30 b to complete. The AJjOj • 3HiO is removed and washed and the sodium 
hydroxide hquor ts recycled back to the di^ors . 

Alumina is then produced by calcining the trihydrate tn rotary kilns or, 
more recently, fluidised beds. Calcination occurs in two sta^ with most of 
the water of crystallisation being removed in the temperature range 40O- 
This produces alumina in the more chemically active y form whfdi 
further heating to temperatures as high as VMXfC converts partly or 
completely to relatively inert a-alumina. Each form has different physical 
characteristics and individual aluminium smelters may specify di£tering 
mixtures of a- and >'~aluniina. Currendy , Australia produces some 35% of 
the world's alumina and otlier major suf^lters are Jamaica, Guyana and 
Brazil. 

Invariably ahimtna produced by the Bayer process has small amounts of 
impurities such as Si02 and Fe^Oj but these seldom present problems in 
subsequent rcfming. Anotiier impurity is gallium which is present to all 
bauxites at levels up to 0.01 wt% and is mostly dissi^ed during ^^ss&an. An 
average large refinery would have a 'throughput' of as much as 500 tonnes of 
gallium annually. Although the concentration of gallium is very low (e.g. 
0. S g r ' ) , this is the richest commetcial source of gallium , as discussed later. 
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Immense amounts of aluminium are also present in clays, shales and other ... 
Decomposition is commonly carried out at around 50 °C in slowly stirred vessels 




immense amounis oi ajuiuirmint arc aiso prcsL-m in ciays. snaies ana omcr 
minerals and ihe ampht5icric nalurL-; aluminium provides ihc oppt>rlunil>' to 
use acid as well as alkaline processes lor its recovery-. As one example, some 
allenlion has been given lo acid c.xtraciton ol" alumina I'mm kaolinitc which is 
widely dislribuled as a clay inircral and is a major constiluent of the ash in 
coal. The minerals, nephcline. Na sK(AlSi04)4, and akinilc, KM ^( S04)2(OH.)ft. 
are processed ciJtnniercially in the Coinmoiiwcallh of Independent Stales in 
plants located in regions Rrmotc I'roin sources ol" bauxite. However, alumina 
obtained Irom these arid oilier alternative sources is 1.5-2..^ limes more costly 
than lhal produced from ihe liayer process which is described bclowp, 

i .2. 1 Ba/er (Process for alumina reciovery 

The liiiycr prtK'CSs was develo[)ed and patented by Karl Josel" P#.ivci in Auslriii in 
1888 and essentially involves digesting crushed bauxiie in sironjz sodium 
hydroxide solutions at temperatures up to 240 C. .Most of the aliimirui is dis- 
solved leading an insoluhle lesidue kno\^'n as 'red iiHid' vs hicli mainly comprises 
iron oxides and silica and is removed by filtration. Ihe particular Ciinceniration 
of sodium hydroxide as well us the leinpeiatuie and pressure of the operation aix." 
optimized accordu>g to the iiatiire ot tl\e bauxite ore. notably tlw fc^^pcctive 
proportions ot the difterent forms of alumina p. or 7), Thi> fti\st stage of the 
Bayer prcKcss cai] he expressed by the equation: 

AI>0.vvH.O + 2NaOII — 2NaA]0> + (.v + ])lhO. 

SubseiiuentJy. in the .vecond stage, conditions are adjusted so that the reaction is 
reversed. This is referred to as the tlecomposmon stage; 

2NaAl02 f 2M20-*2NaOll \ AhOv3H.O, 

The leverse reaction is cichie\cd by cooling the (u|u<ir and scedinjj with Li>staK 
ot the tiihydraie, AhOv-^HjO. to pnunote piecipitation of this com^»t>und as 
fine particles rather than m a gelatinous form, ncco mpo^tlion is commonly car- 
ried out at around !^f^;C in slow |> sinted vessels and may require up to 30 h to 
compieie- The trihydnne is removed and washed, with die sodium hydro.Kide 
oqiioi beiiii: recycled bitck to the digeston*. 

.''\lumma is then produced by calcining the trihydnitc in nDtary kilns or, more 
recently, tluidi/ed he<ls. Calcination (Kcurs in two stages with iirM>st of the water 
of c^ysu^lh7^^tu>n being rcmtfved in the tcmpciatnre range 40CM(X) °C. Thi.s pro- 
duces ahimiiia in the more chennicaily active 7Torm which further heating to 
temperatures as high as 1 2{K) °C convens partly or completely to relatively inert 



